Abstract Despite substantial advances in primary TKA, numerous studies using historic TKA implants suggest only 82% to 89% of primary TKA patients are satisfied. We reexamined this issue to determine if contemporary TKA implants might be associated with improved patient satisfaction. We performed a cross-sectional study of patient satisfaction after 1703 primary TKAs performed in the province of Ontario. Our data confirmed that approximately one in five (19%) primary TKA patients were not satisfied with the outcome. Satisfaction with pain relief varied from 72-86% and with function from 70-84% for specific activities of daily living. The strongest predictors of patient dissatisfaction after primary TKA were expectations not met (10
Introduction
Total knee arthroplasty (TKA) has revolutionized the care of patients with end-stage knee arthritis [1-3, 6, 8, 9, 13, 16, 17, 21] . Despite substantial advances in primary TKA patient selection, surgical technique, and implant design, numerous studies indicate only 82% to 89% of patients were satisfied with their primary total knee arthroplasty [2, 9, 11, 12, 14, 22, 23, 26] . These reports suggest that TKA is not achieving its goal of relieving pain and restoring function in a substantial proportion of patients.
Patient satisfaction is an important outcome measure because there is a well-documented discrepancy between clinician and patient ratings of health status [15, 21] . Mahomed et al. developed a validated, self-administered satisfaction scale (very satisfied, somewhat satisfied, somewhat dissatisfied, very dissatisfied) which assessed overall satisfaction as well as that of pain relief and the ability to perform daily and leisure activities [19, 20] . Wylde et al. utilized this satisfaction scale in a comparison of fixed-versus mobile-bearing total knee arthroplasties (n = 250 knees) [25, 26] . While the authors found no satisfaction differences between the implant types, they did note surprisingly low satisfaction with specific activities (ie, 66% ''very satisfied'' with pain relief, 52% with return to normal activities of daily living and 44% with the ability to perform leisure activities).
To confirm the limited literature on patient satisfaction after primary total knee arthroplasty we determined (1) functional scores to ensure our patient population was similar to that in the literature; (2) the overall level of satisfaction; then (3) which of a number of preoperative and operative factors might predict patient satisfaction and dissatisfaction.
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Patients and Methods
In a study approved by our research ethics board, we reviewed prospectively collected data on 1703 eligible patients who underwent primary TKA from June 2001 to December 2005. These patients were a subset of patients from a prospective study conducted by the Ontario Joint Replacement Registry that evaluated the relationship between severity at decision for surgery, waiting times for surgery, and 1-year outcomes [7] . To be included, consenting patients needed to be booked for a planned primary total knee arthroplasty. We excluded patients with revision arthroplasties, patients ''on sick leave'' or ''on disability,'' and those with a second total knee arthroplasty during the study period. WOMAC scores were collected for 2051 primary total knee arthroplasty patients. One year later, these patients were mailed followup questionnaires, which included a 1-year WOMAC score and a satisfaction score [3] [4] [5] 19] . Dillman procedures were utilized to maximize the response rate [10] . First, a prenotice letter was sent, followed by the questionnaire and then a reminder postcard. Nonrespondents were sent two additional mailings including the questionnaire: 1703 patients (83%) returned completed questionnaires, 123 (6%) were dropped due to incomplete answers, and 225 (11%) did not respond.
The enrolled cohort of 1703 primary total knee arthroplasty patients had a mean age of 69 ± 9 years (range, 27-88 years); 60% were female, the mean body mass index was 32 ± 6, and 92% had a primary diagnosis of osteoarthritis (4% rheumatoid arthritis, 2% posttraumatic osteoarthritis, 2% other). Fifty-two percent had a flexion contracture, 12% had a valgus deformity, and 71% a varus deformity. Comorbidity according to the American Society of Anesthesiologists scale revealed 37% at levels 3 or 4. Twenty-two percent of patients were working, 19% lived alone, 16% depended on someone else for activities of daily living, and 12% had someone who depended on them. Forty-four percent of patients were reassessments and 11% were new referrals. Eleven percent of patients had flexion less than 90°. Preoperative WOMAC outcome scores were: pain, 43.4 ± 16.8 (mean ± SD); joint stiffness, 40.2 ± 20.3; function, 42.4 ± 16.2; and total, 42.4 ± 16.2. Fifty-three percent had a cruciate-sparing design and 47% a cruciate-sacrificing design. Seventy-four percent had a patellar resurfacing performed.
Data were collected by participating surgeons, their staff, and field staff of the Ontario Joint Replacement Registry [7] . Preoperatively, at the decision date for surgery, the following demographic and clinical data were collected: age, gender, side, primary diagnosis, reassessment versus new referral, deformity (flexion contracture, varus, valgus), knee flexion, body mass index (BMI), American Society of Anesthesiologists Physical (ASA) status score [1] , employment status (working full time, working part time, homemaker, retired, unemployed looking for work, not working for another reason), living status (live alone: yes/no), and independence with activities of daily living. A preoperative WOMAC questionnaire (Likert version 3.1) was also collected at decision date [3] [4] [5] . In surgery, it was noted whether a posterior cruciatesubstituting or -retaining implant was used and whether the patella was resurfaced.
The satisfaction questionnaire included three questions: (1) Overall, how satisfied are you with the results of your knee replacement surgery? (2) How satisfied are you with your most recent knee replacement surgery for reducing your pain (walking on a flat surface, going up or down stairs, sitting or lying down)? and (3) How satisfied are you with your most recent knee replacement surgery for improving your ability to perform five functions (going up stairs, getting in/out of a car or on/off a bus, rising from bed, lying in bed, performing light domestic duties) [16] ? Patients were asked to grade their level of satisfaction for each question (ie, very dissatisfied, dissatisfied, neutral, satisfied, or very satisfied). The overall satisfaction question was used to determine a two-category satisfaction outcome by combining patients who answered very dissatisfied, dissatisfied, or neutral into one group, and patients who answered satisfied or very satisfied into the second group. This two-category outcome (satisfied, not satisfied/neutral) was used as the measure of overall satisfaction for all statistical analyses. Patient satisfaction or dissatisfaction were our primary variables.
WOMAC scores were reverse scored and standardized to a score from 0 to 100 (worst to best) [3] [4] [5] . The WOMAC change score was determined by subtracting the decision date WOMAC from the 1-year WOMAC. Missing WOMAC (one pain, \ four function) items were input as suggested by Bellamy [3] [4] [5] . Questionnaires with more missing items were excluded from the analysis (n = 123 [6%]).
Preoperative, intraoperative and postoperative variables were explored between the satisfied and dissatisfied total knee replacement groups to determine where statistical differences may exist [24] . Categorical variables (gender, comorbidity, employment status, live alone, dependence on others, primary diagnosis, reassessment, presence of preoperative deformities, preoperative flexion less than 90 degrees, preoperative extreme pain, prosthesis cruciate design, patella resurfacing, complications, willingness to have surgery again and expectations) were tested using cross tabulation with chi-square ( Table 1) . Scale variables (age, BMI, preoperative, 1-year and change WOMAC scores) were tested for significance using KolmogorovWilcoxon for nonparametric data (Table 1) . Forward stepwise logistic regression was performed to establish factors that substantially determined patient satisfaction (Table 2) . Major (age, preoperative flexion less than 90°, preoperative extreme pain while sitting or lying, complications, 1-year WOMAC pain, joint stiffness and function, expectations not met and those that had no expectations) and other variables that were deemed clinically important (valgus deformity, varus deformity, preoperative WOMAC function) were introduced into two separate regression models (Table 1) . Prior to inclusion, variables were tested for interdependence through correlations and those that were highly correlated were excluded from the regression models (1-year WOMAC total, change WOMAC domains and total score). In the first model, only preoperative variables were included (age, varus deformity, valgus deformity, flexion less than 90°, extreme preoperative pain and low WOMAC function). In the second model, in addition to the preoperative variables used in the first model, postoperative variables were introduced to the regression model (complication, low 1-year WOMAC domain scores, expectations not met, and had no expectations). This approach to the analysis allowed us to identify variables that may be used to predict satisfaction (preoperative variables in model one) and to observe the effect that postoperative variables inevitably have on patient satisfaction (model two). Odds ratios were reported for significant variables. All statistical analyses were performed with SPSS version 16 (SPSS Inc, Chicago, Ill.), SAS version 8 (SAS Institute Inc, Cary, NC), and MedCalc for Windows, version 9.3.6.0 (MedCalc Software, Mariakerke, Belgium).
Results
The mean WOMAC subscales and total scales improved one year postoperatively from preoperatively. The mean 1-year WOMAC pain score was 86.2 ± 16.3 with a change score of 42.9 ± 20.6. The mean 1-year WOMAC joint stiffness score was 79.4 ± 19.7 with a change score of 39.6 ± 25.4. The mean 1-year WOMAC function score was 80.9 ± 17.7, representing an average improvement of 38.5 ± 20.9. The average total 1-year WOMAC score was 81.9 ± 16.6 with an average change of 39.5 ± 19.8. Five percent of patients (76) reported a complication on the selfassessment questionnaire. The commonest complications requiring hospital readmission were infection (15%), blood clot (9%), or other (38%). Overall satisfaction, which was used as a proxy for the satisfaction outcome, revealed that 81% (n = 1375) of patients claimed that they were satisfied or very satisfied while 19% (n = 328) were very dissatisfied, dissatisfied, or neutral. Satisfaction with pain relief and function with activities of daily living varied between 72% and 86% and 70% and 84% respectively (Fig. 1) . Satisfaction did not vary by type of prosthesis (eg, posterior cruciate-retaining versus -sacrificing prosthesis) nor by whether the patella was resurfaced (Table 1) .
For pain relief, only 72% were satisfied with their ability to go up or down stairs as compared to 85% with walking on a flat surface and 84% with sitting or lying. For restored function, patients were least satisfied with getting in or out of a bus or car (70%) and ascending stairs (73%), as compared to rising from a bed (82%), lying in a bed (84%), and performing light domestic duties (83%). For overall satisfaction, which was used as the proxy for the satisfaction outcome, 81% (1375) of patients claimed that they were satisfied or very satisfied while 19% (328) were very dissatisfied, dissatisfied, or neutral.
Dissatisfied primary total knee arthroplasty patients were older (70 ± 9 versus 69 ± 9 years), lived alone (24% versus 18%), were more often a reassessment rather than a new patient referral at decision date for surgery (49% versus 42%), less likely to have less than 90°preoperative flexion (8% versus 12%), have extreme pain on the WOMAC pain score while lying or sitting (11% versus 4%), have a lower 1-year WOMAC (67 versus 85), have a lower WOMAC change score (26 versus 43), not be willing to have surgery again (20% versus 1%), and had expectations which were not met (49% versus 6%) as compared to satisfied patients (Table 1 ). The odds ratios of the variables predicting patient dissatisfaction after primary total knee arthroplasty changed as new variables were introduced into the model (Table 2 ). In the final regression model (Table 2 , model 2), significant variables for patient dissatisfaction were advancing age, preoperative extreme pain on the WOMAC pain score while sitting or lying, a low baseline WOMAC function score, the presence of a postoperative complication necessitating hospital admission, a low 1-year WOMAC score, and expectations not met. The strongest contributing variables to patient dissatisfaction after primary total knee arthroplasty using odds ratios were expectations not met (10.79), a low 1-year WOMAC (2.59), a low preoperative WOMAC pain score while sitting or lying (2.49), and a complication requiring hospital admission (1.99).
Discussion
Numerous reports have noted that not all patients are satisfied after their primary total knee replacement with only 82-89% expressing satisfaction [2, 9, 11, 12, 14, 22, 23, 26] . In this study, we have determined that contemporary TKA implants do not seem to have improved patient satisfaction levels. We have confirmed that meeting patient expectations is of the utmost importance in achieving patient satisfaction after primary TKA [9, 14, 15, 20, 22] . In addition, certain preoperative factors (advancing age, living alone, less than 90°flexion and pain at rest) and postoperative factors (a complication requiring hospital readmission and a low 1-year WOMAC) were associated with dissatisfied primary TKA patients. We note several limitations. First, only 83% of eligible patients completed all required forms. While we believe this response rate acceptable, it does raise the risk of bias being entered into the study should the responder and nonresponder populations be different [10] . On the other hand, we had a relatively large cohort (n = 1703) of primary total knee arthroplasty patients representative of urban versus rural, community versus academic, and highvolume versus low-volume surgical practices, as well as a wide range of contemporary primary total knee arthroplasty designs. Second, we only assessed patient satisfaction 1 year postoperatively and retrospectively assessed patient expectations by asking whether or not expectations had been met (met, not met, had none). Mahomed et al. [20] did assess patient expectations preoperatively in 103 THA and 89 TKA primary procedures. Seventy-six percent of patients expected to have no pain after recovery from surgery, but only 40% expected to have no functional limitations. When comparing high-versus low-expectation patients, there were no differences in age or gender. Multivariate analyses 6 months after surgery revealed that greater patient expectations predicted higher outcomes for WOMAC pain, WOMAC physical function, and SF-36 physical function. Our data support these observations in that 70% of patients felt that their expectations were met, but from the 1-year postoperative vantage point, 18% of our patients reported that their expectations were too high and 69% stated that their expectations were just right. Third, we did not evaluate patient mental well being but acknowledge that mental health is associated with patient satisfaction [2] .
The outcomes of total knee arthroplasty patients have been traditionally assessed by surgeons using unvalidated scoring systems in which the patient was asked about their level of pain and return to specific activities, followed by the surgeon objectively measuring range of motion and joint stability. Increasing evidence is emerging that patients and doctors do not always agree on quality-of-life improvements after therapeutic interventions [9, 15, 21, 22] . Our study reinforces the importance of assessing patient satisfaction and expectations to predict functional outcomes and supports the observations of Katz et al. [18] and Noble et al. [22] . Overall, patient satisfaction after primary total knee arthroplasty was 81% in our study. This level of satisfaction is at the low end of published satisfaction rate studies (Table 3) , but this might partly be explained by differing numbers of patients being assessed, differing lengths of followup, differing patient ages, and mixed diagnoses. Robertsson et al. reported on 27,372 knee arthroplasties with 2 to 17 years' followup in the Swedish Knee Arthroplasty Register [23] . They found patient satisfaction was remarkably constant in patients not requiring revision procedures for all followup periods. As in our study, Robertsson et al. [23] reported a correlation between satisfaction and improvements in both pain and physical function outcomes (ie, WOMAC, Oxford-12). We found a weak correlation for poorer satisfaction with advancing age (odds ratio 1.03), whereas Robertsson et al. [23] found no correlation between satisfaction and age for patients with osteoarthritis; but a correlation for poorer satisfaction with advancing age in patients with rheumatoid arthritis. Our results are consistent with those of Noble et al. [22] that patient satisfaction decreases with advancing age, residual symptoms, expectations not met and less functional improvement.
Consistent with the literature, we found that only 81% of patients expressed overall satisfaction with their primary total knee arthroplasty, and when asked about satisfaction with pain relief and function for activities of daily living these varied between 72% and 86%, and 70% and 84%, respectively [2, 9, 11, 12, 15-17, 19, 20, 22, 23] . The most significant factors associated with primary total knee arthroplasty patient dissatisfaction were expectations not met (10.7 times greater risk), a low 1-year WOMAC score (2.5 times greater risk), a low preoperative WOMAC score (2.4 times greater risk), and a complication requiring hospital readmission (1.9 times greater risk).
Although primary total knee arthroplasty has revolutionized the care of patients with end-stage arthritis, our study confirms the findings of others that 11% to 19% of primary TKA patients are not satisfied with their surgical intervention [2, 9, 12, [16] [17] [18] [19] [20] 23] (Table 3 ). Our data help identify patients at risk and areas in need of further study. The impact of patient expectations on satisfaction is profound. Obviously, it would be wise for orthopaedic surgeons and patients to discuss expectations before TKA surgery to assure that these are realistic. In addition, identifying a low preoperative WOMAC score as a risk factor for patient dissatisfaction should be discussed with the patient. Finally, this study confirms the impact of a complication requiring hospital admission as an important factor in patient dissatisfaction. 
